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ABSTRACT : PROBLEM TO BE SOLVED: To provide a semiconductor device in which the thickness of 
a gate oxide film does not generate a thickness difference on side faces and the bottom 
face of a groove when the gate oxide film is formed on the bottom face and the side faces 
of the groove, and in which oxidation of a first-conductivity-type semiconductor substrate is 
suppressed. 

SOLUTION: The semiconductor device comprises a MOSFET in which the groove is 
formed on the first-conductivity semiconductor substrate 1 , in which a gate electrode 6 is 
buried at the inside of the groove via an insulating film, and in which a second-conductivity 
source diffusion layer 7 and a second- conductivity drain diffusion layer 8 are formed on 
both sides of the groove with the buried gate electrode 6. The insulation film formed at the 
inside of the groove is constituted by laminating a first gate oxide film 4 and a second gate 
oxide film 5 in this order. 
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[0046] ICt. H^teFrMx^y^fglvC 
TtBYbr »«tc«rtiiOy-h«i6<?D«lflS 

fc#M4U\ 4/L% CMPS (fc^WlSfcSWSSj) r 

m^xY®.ikt&w&. mmzm#>&tsy-bw&6<7) 

[0047]«i;, 02 ( s ) iz^rtioiz. 

<vm.&coy- bnMe *m&t&x u > y 3 > h 5 ^ 
3 ^jjMfcK 3 

[0 0 48] 02 (h) tejjctJtSfc, i&l^m 

y 3 >^ss*ffis 1 ji<osK ij y 3 > a^ess y- 

1- m«te 6 4 h.J^3lgecOMffl^ , >mftJI 

2±± 94*V&A{c<£^T^M&&&iR3-fr&o .1*1 

tc «t 0 , v y 3 >mm 2 . * 1 rnmm^ y 3 
1 1 m%&m 2 mmsicov -xumm 1 a 
xxt h v4 yw&mstf. m 1 mmmis y 3 
*i±«^ata5opi«fc:'e-^*i«ia$ii*. ^1* 

*7J3j:tfKW>10M8U:. Sl#^yij3y¥ 

[0049] ztiizx 0 . jb 1 «mai^ y 3^4^*^ 
Uc«7 , as 1 y- M*fUH4 . as2 y- mswur 5 £w 

■*-SMOSFET5WgfiES^L&. ^MOSFEHl 



iiajf^gp^^sDSfc j;L«®tcn— mMcom 1 y- hss 
^t«4t3 xvmiy- hmimsiwmztizz > iz± 

[ 0 0 5 0 ] H3 (a) Xtf ( b ) ti. *5gBg<o!(S2 

3(a) fc^$-¥*f*§swi. m 1 y 3 

1 h WtM 2 y- h i»YtK 2 6 jWI # 
t=iHi$*lTV\4. Hiy-hffiftJS2 5±tzli. XV 

f%&X-WbiL&i\X^%>« 

[0051] mmnmzno m 1 y- h mM 2 5 ax 
vm 2 y- h^iUK 2 e tf^HKc *j its m 1 #«m> y 
3>-#w**iK2irt<7)ffl5:icstrtrt-54Ha*tc. mi 
mmmy y 3 >^mwM6K2 1 <t iim^ § ^2 
mmm<r> k u > 3 0 a & «t im 2 mwst<?> v - 

2 ^mScT) H U-<> t£iSr^ 3 0 a J; i^JB 2 ^13^ V 

-xssuyg 3 o bfr^mi£cr>f§mx'ig2mmm<r)v-x 

tmM 2 8 ±5 .fctfJB 2 ft u ^ > JSijrji 2 9 

ix?iX&m.ZiiXV\& . 

[0 0 5 2] K2VHOKW yJ£StJi2 9fcJH23| 

mMoy-xffi;iJjM3 Obis^ra, fcj;t>\ IS2#«^ 

"50 V - XifclMi 2 8 1 as 2 il^W h* U >'i£StS 3 0 

a ^ ora^>* i i ±tc*i , m 3 y- h 

mcM2 2 . m2y—Ytt2 3 . ^y 3>afti«2 4 

[0053]^.i3 (b) lcUWJ:3fc, H3 

( a ) <0#^E#^gt2i3(tSm2«^<7) F W >t£#jt 

S30afcj;l/||2 *«U«y-Xj£ft« 30b^(S 

L^^d^zLXLXW 

[0054] 04 ( a ) - ( g ) 03 (a) tC^f 
2»=S-2:^S-^-rKlf3Dll-C'^-l» 0 if, 04 (a) fcijrf 

J: 3 (c, n 1 y 3 >*mwmL2 1 ±t=, ^2 
mo s f ET^mm-hm 3 y- vmm2 2 . *f y 
y 3 > 2 y- hm® 2 3*3 it/^ y 3 ysft, 

it 2 4 5r mmzmm itzmz. > y 3 >mitm2 4±tc 

7*M^y^h^MFffirL. ^^hyyy^^^-tciio 

m 1 y 3 v**«Ea£«2 1 ±tzm imosfe 

7f>/CJ:^T, ^y3yg{UBt2 4, »2y-h* 
123, *3y-MMJ|2 2**#a**L. 3S13£ 

^> y 3 > 2 1 ^^a^naj $ . 

[0055] i^t, 04(b) «fc oC.Il *m 

Mi- y 3 > -^i#g(ff[ 2 1 comm^mtn l«:««*x y 

*y7LXm2y-bM&23iZttLXVA7-&1t£?f 
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3r*>-f a e»&wi=»*«:#i*-*-4 , 

[ 0 0 5 6 ] ifcC. 114 ( c ) J: 5 lz . SSIJ^ 

rtt$ii3t* 1 (J ^ y^5*a« 2 1 £M* L ,■ 

ft* C^IMH«fc»Z>Ji:3<i. 5 0nmig^L 

t •» . c7;> a , $ titzm i *sms x y 3 > 

2 1 * 7 •/ & ( h f ) ms.izts.m-rt z t tz x 
y . m&n$mizB&zixtzimmimz5t£izM:£rr 
t, znirik. nit. «^fM§^^i#tts> U3 
>^hjsm 2 1 srM* u mi mmm x y 3 v^m-w 
mm.2 1 oawctjv^n: . > y 3>- ( s i > Sr-^rt-ft 

S i c 1 H 2 ^0;lx>ffigS£irtfN 2 0^0;#xi:£K: 

. ifcii, x y 3 y ( s i ) r-^rr ft s i c 

<^ffitefg 1 y- MftftJK2 5 . 
[ 0 0 5 7 ] 3B 1 y- MjffcJI2 5 li, M,t(i"C V D 
(Chemical Vapor Depositio 

ixft. 

[00 58] 

SiClH 2 + 2N 2 0 — S i 0 2 + 2N 2 + 2HC 1 

m i y- hbft)i 2 5 <7)HJirji. itetistts^-caias 
T'ifc 4 . y- h mum^mmn 1 / 2^2. 5 n 

[ 0 0 5 9 ] 04 ( d ) HZTfrTJ: o fc, K-Offl 

i 0 mm £ Looai»3WBiftsn«B 1 * 

®y'j3 > ¥»ffcg «C 2 1 * § h izMmtt ZblZ£ 

o , is 1 itiy y 3 x¥**s« 2 1 ftcom 1 y- h 

ffiHEKR 2 5 tc-C«irfi^aau^rtia^x 'Jay(Si) 

JK2 6 Zmfo-tt. SB2y- MWt«2 6l±, ^fgfi£0f*q 
rah SI 1 y- M8-fclS2 5 fc <0|BK=JKjRS<x4 . Z<om 

mi mmm~> y 3 2 1 ^aigsaftu: s 

0 Or- 1 1 0 0°C, BML«tCl±, Dry 0 2 £tefflir 
4;t*«*F4U\ SR2y-hR-ftlR2 6^IRJp: 

fe . «jtisk:*5 1 ^rmgc^awt^^ix^y- big 

^«U?<7)l/'2i7)2. 5nmgjatC*0, SSiy-Mft 

fLM 2 5 wif t m 2 y- h RfUR 2 6 fiOBlJ* t <^KJS 
Jtii, (S«l : ltr**ifcjWa4t^. iiitJ: 1 ). 
aKK?)f«3SK:»2 y- MSftJP.2 6 SrJ^jR-TSIRC, IS 

2 y- hUMkas 2 6 #S5 3 y- Mgffcii 2 2 <z>t#w» 

«Cj£»Lfc*l ili^'J 3 2 1, 4Sjt 
tf, m 3 y- hftffcll 2 2 ^±^»^fcjfijg Ufcstf'J 
v y 3 xA>fej£ftS?2 y- h«^2 3 £BMfrTft - k £ 

ffm l • , $ 3 y- h Kftji 2 2 <7)«jf**aia5flifc:«iff^- 

[00 6 0] i;?. SSiy-h»ftR2 5^)MWtH 

2 y- hasftra 2 6 oKUfc commit* mm l < -r & 



c7)v ij a > -*«^Hfc:«eit-r* > y 3 

^ffios^-fifc j: im®.*coimtzn 1 -c . it«ss^Bs 

7j#«^ « . m 2 y- h ecfbK 2 6 u . 
«aiwrtgu«5')> y 3>»^io> ij nyifflj. nf#. as 

x'J 3>fflK4;«WiiWtt(cftfL-5:^i*». > >J 

^-r t >fflf*i* s A s , ^ <7>fz^>, m 1 y- his fkJK 2 5« 

KUiiiUfSB 2 y- hl$(U12 6 OMUrJiQ'ISl t RS 
K LT . jggprttc y- MSftJR 2 5 *j J; t>* 2 6 
S C t fc J: -s T . y- h K fCM 2 5 is «fc 2 6 

li, ^ix^ix»(L)ief*o^.ti^S< i5r* fc fc fete, 
x y 3 >-a£«^iB^©^^^te)^*«*»»» 

[006 1 ] ^it§ix§ MO S F E TCOitU^oy- hM 
WJ8f?>mm± , MOSFE T^^tt«CC i o T , 1 ~ 
2 0 nmOlSfflhSiXSo 

[006 2] &te, 124 ( e ) te^i o ?lg|5c7)|*) 
1 y- hllfkM 2 5 S:S o t o sK 'J x 'J 3 > 
J&»6J$&» 1 y-h«S2 7$r«^r*JgPtii« , 5atj.t 

t fc t , x y 3 > a £M 2 4 _lic i *f y ^ y^y^^ 
i y- h«a 2 7 ft . 

[006 3] H4 ( f ) {c^-T J: o {=, ^ 1 

y 3 2 1 ±co-+f y x y 3 

1 y- h *® 2 7 *j i y 3 >MftM 2 4 c*f t t . 

H^ttl ! 7^X7fy/4fc(iCMP (Chemica 
1 Mechanical Pol ishing: Itl^fi^ 
tSflB9F») *fT^t. > 'J 3x2^J12 4±{C»jl$ix 

tzm 1 y- h€«2 7 *m^i~t kki> > y 3 > g 

^24feW®LT. ^riBfLfft, S^te, aSBUWO 

«ts<^» 1 y- t-mffi 2 7 srtsfig-tft^y > y 3 > ^ h 

7>fX y^>7tectoTI^^-ft, ^OB#, jfgCteffiy? 
iitixf^ 1 y- YVM2 7I±, »»^H!P»3b»^>i5f« 

^§^-ci^$ixfto ^-cof*, Mai^igiy-hflffi 

ft, 

[0064] Zixlzi. 0 , H4 ( g ) te^-Ti a te, » 

gertH^s amy- MwtK2 5^M»fe <tof»2 y 

- KBMtM 2 6 «o*HHt:*j(t* » l ^mM> 'J 3 
**«2 1 flia«£tc*frtr$-£«.fH«fc:, sgi#mM> 

ij3>^|fl^2 1 h(±»^^^rft^2#*Sco 
Vffi$M3 0 afiitrv— ^J£IMI3 Ob^ix 

we^sixft. -eos, ?iafowa(osf3y-MjMt 

^ix^ixA * y&AT ft . i tite i 0 . l mmSL 
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<T) V V A >W&m 2 9 . V-xfeaWl 2 S//H 3 y- I- 

2 4 c7mmm®<ommiz^ii?ixB!it* tit , s ^ t=, 

14 (e) H*J^T^tt!B!*-f *>i£A^& fl! 

1 y- hmm2 7 #««coHpato^m5S7>ass 4-c» 
s §#utas#ic, jk >■ 0 a > £ffl*>3i^ m 1 y- h 

»mM^ 'J n y#*f**is 2 1 _ho^ 2 ilS^v 
JSf&Jf 2 8&£U K H >S£tyi2 9«, » 1 ^Mi- 
ll 3 2 i<^aiBt:aaj*»riW6i!rK®ja 

[00 6 5] ZiUZj: 0. ^2MOSFETOf3y- 

M*ft«t2 2 cony* ^aMBiitiKtr* toixti^f 
< z t m±v . mmft&tf&iif %m 2 m o s f e 

-f > tetjya 2 9 , »2y-h««2 3s as 2 area*) v 

-Xt£tfcJI3 0b, iJitf. g52iW^^KU>f >-S£» 
130a, *2y-h««2 3. »23wa<z>y-*B; 

fif2 8i^M5tL, 3gl MOSFETfr\ ^2^« 
SOh*Wy«»I30a, S!iy-Hfi27, §12 
ilIWV-miyi3 0 bj&^WjfiSfti. * LTs 
S2^«S*0 FU-f yj£|RJi 2 9 . f|S2 y- 2 
3, SB2«Wa^)V-^l£|Jc«3 0b*»4,»iSSii*iS 
2 MO SFETfc, 3S1 MOSFETtfi. fS2»«S! 
COy-X&tWf 3 Ob*^$n, »2**»0I* W 
>J£UtS30a. JB2y-h«tt2 3, SS23WS!<Z>V 

lMOSFETtll *23MStf)KH >-j£Sfc« 3 0 

[0066] icOiptC. ^lMOSFETt^2MO 

sFETtii. ft*§*i4*« (mm) x'$>&&2mm 

1<0H U -f >J£iWf 3 0 atiZW-Xtmms 0 bfc 

[0067)14 ( a ) - ( g ) (Cli. 03(a) 
^¥*^»Z>«itIllSjj?L;ta&*. 123 (a) O^NS 
t=*J JfS * 2 #^S<7) H 1- >f yfSSXJl 3 0 a i3 J: 

xfn 2 mnwco y 3 0 b fix > 

03(b) £*i-*#M*SStfc. H«C«3aT*&. 
[ 0 0 6 8 ] EI3 ( b ) CSt^ftgliOMOS F E 
Tii, m 2 *«£!<?) K U-f y&lfc* 2 9 . JR 2 ffl^) 
y-Xfi£Ut)12 8. H2ir-Mi2 3. SBiy'-h* 

9. *2y-htS2 3, *23WS<OV-:*ifctt*2 
8*>^»iaSfl&Sg2MOSFET4;, IS 2 SMSO 1* 

V-XES!S28^iffi$^IlMOSFETt 
(4 . M?iJ^«*t0i: =Sr 0 . *ti?ti<nn 2^-Mffi 

2 3*5 iTXaSl y-h«SE2 7cOV^n*^'iSfl?y-F 
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Lfcj&^T, 03 (b) t*^iNW(s 
SIBfctJft -5) MO S F E Tnffim.& . 3M»flsfflgLLfc:» 
0 fWfS k tc<t 0 . * =fc 'J -fe/i * *:<i> 7 h 

[0069] 

^Ji£^Jlto J; if » 2 #mMo H V A >m&MfrZn^"il 

BfcZtlfzM lOMOSFET^ltfc 1 ). MBOfa 

m&&&ztutiwm&. jBiy-MWtiB. ®2y- 
t, aw«ort*fcy-hBHUit?e*-r«.«-&tc, y- 

J?HSr4; t .a* > =t 5 t-r & k fc t fe , « 1 
[0iB^fSi#=5rSiHB] 

[Hi ] i «m»it'ii^^ftgiwf 

[02] ( a ) - ( h ) (4, ^ix^l*^^ i com 

[03 ] ( a ) iZ>' ( b ) it. *ti?tu*%fffrm2 
[04 ] ( a ) - ( g ) {4, ^ix-eir*:^£7)m2^ 

vmmx'fohms (a) tc^f#«*i6«^«Eft*&tc 

[053 ( a ) - ( g ) {±, zti^tmmco^mmm 
nm&jTmztivh&xmz^mffimx'fo s . 

[06] ( a ) - ( f > «. ^tt^aa^flSKVNWk 



1 


m i 


2 




3 


y'J3 > arm 


4 


SSiy-MMLit 


5 




6 


y-h«® 


7 




8 




2 1 




2 2 




23 




24 




2 5 


Hiy-MfMUH 


26 




27 




28 




29 
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3 0 a H W yffl&M 

sobv-xmm 

3 1 mi l?I¥*ftfflS 

3 2 >\)a>Mitm 

3 3 > y n >g jtffii 

3 4 y-hBSfUK 

3 5 y- n«s 

3 6 V 

37 hw ytmm 
41 is i #ms¥#**«t 

[01 ] 



6 
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42 n2y-hwwm 

43 m2r~hm.m 

4 4 l7-f>7"77,?t} 

4 5 SSiy-hBMtJR 

4 6 |gl}-*-h*S 

4 7 V-^S£«Ji 

4 8 KWHStt* 

4 9 h'W^SMWi 

5 0 V- X&feJf 



C02] 
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rusj 



[06] 
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(c) 
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7P> h^-i^<7)igg§ 

F^— 5F048 AB01 AC01 BA01 BA19 BB02 

BB05 BB12 BB19 BC03 BD06 

5F058 BA20 BD01 BD04 BD10 BF24 
BF29 BF55 BF56 BF62 

5F140 AB01 AC32 BA01 BA20 BB02 
BB06 BD01 BD05 BD06 B015 
BE01 BE03 BE07 BE10 BF01 
BF04 BF43 BF46 BG38 BG40 
BK13 BK14 
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